Classical vs. Quantum Computing

Introduction

Computing technology has evolved significantly over the decades, with classical computing
forming the backbone of modern digital systems. However, quantum computing introduces a
revolutionary approach to information processing, leveraging principles of quantum mechanics.
This document explores the key differences between classical and quantum computing,
highlighting their distinct architectures, processing capabilities, and applications.

Classical Computing

1. Fundamental Units

e Classical computers operate on bits, which can be either 0 or 1.
e Bits are processed through transistors that function as electrical switches.

2. Processing Model

e Uses deterministic logic gates (AND, OR, NOT, XOR) to manipulate bits.
e Follows sequential or parallel execution of instructions.
e Governed by Boolean algebra and classical physics.

3. Memory & Storage

e Uses RAM, hard drives, and SSDs to store binary data.
e Data retrieval and storage operate in a well-defined manner.

4. Performance & Limitations

e Performance increases with more transistors (Moore’s Law).
e Limited by heat dissipation and energy efficiency constraints.
e |nefficient for problems involving complex optimizations and massive parallelism.

Quantum Computing

1. Fundamental Units

e Operates on quantum bits (qubits), which exist in superposition states (both 0 and 1
simultaneously).

e Qubits leverage principles of quantum mechanics such as superposition and
entanglement.



2. Processing Model

e Uses quantum gates (Hadamard, CNOT, Toffoli) to manipulate qubits.
e Probabilistic rather than deterministic outcomes, requiring measurement for final results.
e Harnesses parallelism via superposition and quantum interference.

3. Memory & Storage

e Quantum states are highly sensitive and require error correction techniques.
e Data cannot be copied (No-Cloning Theorem), limiting traditional storage concepts.

4. Performance & Advantages

e Exponential speedup for certain problems (e.g., Shor’s Algorithm for factorization,
Grover’s Search Algorithm for database searches).

e Capable of solving optimization, cryptography, and complex simulation problems beyond
classical reach.

e Limited by current hardware stability, decoherence, and error rates.

Key Differences Between Classical and Quantum Computing

Feature Classical Computing Quantum Computing

Basic Unit Bit (0 or 1) Qubit (0, 1, or both)

Processing Deterministic Probabilistic

Parallelism Limited Massive via Superposition

Speedup Linear/Exponential Growth Exponential for certain
(Moore’s Law) problems

Storage Stable binary memory Fragile quantum states

Error Handling Well-developed error Quantum error correction still
correction developing

Applications General-purpose tasks Specialized tasks like

cryptography, optimization,
and simulation

Summary

Classical computing remains essential for everyday tasks, while quantum computing holds
promise for solving problems that are currently intractable. As quantum technology matures, it



will complement rather than replace classical computing, leading to hybrid systems that
leverage the strengths of both paradigms.

As a further important note, the development of quantum computing systems is progressing
faster than expected. It is therefore of vital importance that anyone that is in software
development learns what quantum computing is (and is not) as well as what quantum
computing is best. You must learn how to create software meant to run on quantum computing
systems and how to leverage quantum computing to improve and enhance classical computing
systems.

With software development becoming more and more Al focused this is becoming more
important than ever as artificial intelligence is one of the areas of computing where quantum
systems will be heavily used first.
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